A Study on the Optimization of Control Strategy of a Thermal Energy Storage System for Building Air-Conditioning  by Khushairi, M.M. et al.
 Procedia Engineering  20 ( 2011 )  118 – 124 
1877-7058 © 2011 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2011.11.146 
Available online at www.sciencedirect.com
The 2nd International Building Control Conference 2011 
A Study on the Optimization of Control Strategy of a 
Thermal Energy Storage System for Building Air-
Conditioning 
M. M. Khushairia*, H. Abdullahb, H. Hazranc 
aFacility Management Department, Universiti Teknologi MARA, Kampus Puncak Alam, Selangor 
bFaculty of Mechanical Engineering, Universiti Teknologi Malaysia, Skudai, Johor 
cFaculty of Mechanical Engineering, Universiti Teknologi MARA, Shah Alam, Selangor 
Abstract 
Many new buildings in Malaysia are installed with a centralized air-conditioning system integrated with thermal 
energy storage system. Building owners are motivated to reduce the operational costs and are being encouraged by 
the attractive tariff offered by the utility power provider. However, without proper control the operational costs can 
be even more than the conventional system due to the higher maximum demand charge. This paper describes the 
results of an investigation on the actual operating data of a centralized air-conditioning plant integrated with thermal 
energy storage system operated under two different control strategies. Comparisons on the electrical power 
consumption, overall plant efficiency and chiller coefficient of performance were carried out by using two identical 
building load profiles. The results show that the supply pressure control is better than delta-temperature control. The 
electrical power consumption, overall plant efficiency and chiller coefficient of performance for supply pressure 
control are 30.1%, 33.4% and 33.5% better than the delta-temperature control, respectively. Also from the general 
observation on the data it was found out that the storage tank is under utilised. The charging capacity is usually less 
than the nominal storage capacity. In order to further increase the performance characteristic the plant operation 
schedule need to be revised. 
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1. Introduction 
The rapid pace of industrial development and the increase in living standard have led to continual rise 
in industrial and residential power consumption. The recent 7% increase in electricity tariff indicates that 
the supply of energy has been critical and will continue to rise in the future. Cooling system of buildings 
is one of the major contributors to overuse of electricity. By some estimates air-conditioning system 
contributes up to 45 percent of the total electrical demand [1]. 
 
There is a significant imbalance in electrical power consumption between day and night. There are 
fewer activities during the night and hence power utilities have electricity to spare. This off-peak 
electricity tariff is usually much cheaper. Thermal energy storage (TES) system has been identified as a 
proven technology in electrical load management by shifting the power consumption to a later period to 
take the advantage of a cheaper tariff [2]. The contribution of TES system could reduce the electrical peak 
load to as much as 20 to 30 percent [1]. Utility power provider is a stepping stone in sustaining the 
country’s economic growth with sufficient power supply. One of the major strategies is to promote better 
customer participation through a program called Demand Side Management. In order to further encourage 
the implementation of TES system in the country, the special C2 TES tariff has been introduced. 
 
It is estimated that power consumption of air-conditioning system in educational building contributes 
to up to 65 percent of the total electrical demand [2]. In order to reduce the operation costs many 
education institutions have participated in this program through the installation of TES system in their 
newly-constructed buildings. Inadequate knowledge about the operation strategy and the control of such 
system are likely to occur as the technology is new to many people in Malaysia. Without proper control 
the operation costs can even be higher than the conventional system. This is due to the expansive 
maximum demand charge under the C2 TES tariff. 
 
In practice, many of the TES systems in Malaysia are operated by using delta-temperature control. 
However, such control is easy to suffer from the low chilled water temperature difference which is known 
as Low Delta-T Central Plant Syndrome [3]. A series of operational problems will occur which include 
the inability to sufficiently load chiller, excessive water flow demand of terminal unit and increase in 
pumping power. These problems will subsequently lead to an increase in chiller power consumption. In 
worst case scenario the cooling load demand cannot be met. Therefore, this syndrome should be avoided 
by any means. 
 
This study is aimed to investigate the economic feasibility of supply pressure control over the delta-
temperature control. The data based on the actual operating conditions of a central cooling system 
integrated with TES system were analyzed. Comparisons on the electrical power consumption, overall 
plant efficiency and chiller coefficient of performance (COP) were made on two identical building load 
profiles. 
 
2. Case Study 
The central cooling system integrated with TES was completed and commissioned in June 2009. The 
plant is equipped with 5 unit 1,000 RT chiller, 2 unit 14,000 RT chilled water storage tank and other basic 
auxiliary machineries such as pumps, heat exchangers and cooling towers. The plant consists of 3 closed 
pumping loops namely primary, secondary and tertiary loops. This design of multiple loops allowed the 
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system to operate in all 5 possible operating modes; cooling, charging, charging with cooling, 
discharging, and discharging with cooling [4]. 
 
The plant utilizes partial storage operating strategy in which during the daytime operation the storage 
and the chiller work hand in hand to meet the building cooling demand. This strategy is quite critical 
where controlling the contribution of storage and chiller are critical to the system economy and operation 
costs. Modulating valves are used to manage the relative contributions of storage and chiller. They will 
automatically allow sufficient flow through the storage system to maintain the chilled water supply 
temperature of 41˚F (5˚C) to each building metering station. The designed chilled water return 
temperature is 57˚F (13.9˚C) back to the chiller. 
 
The charging mode started from 2100 hour to 0745 hour. During this off-peak period 3 chillers are 
used to generate chilled water and then stored it inside the TES tank.  Warm water from tank will be 
drawn out from the top diffuser and cooled by the chillers to 41°F, which then will be pumped back to the 
tank through bottom diffuser. On the other hand, the discharging with cooling mode took place from 0800 
hour to 2000 hour. Chilled water is tapped from the bottom diffuser, then supplied to the buildings 
through a series of heat exchangers and finally returned back to the tank through top diffuser. Only 1 
chiller is used to support the cooling demand. 
 
 
 
 
Figure 1. Operation schematic layout of the plant 
 
3. Methodology 
Two control strategies were chosen. The delta-temperature control was set for plant operation during 
April 2011 and the supply pressure control was applied on the following month. Hourly data of the chiller 
plant operation were recorded which were the supply and return chilled water temperatures as well as the 
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chilled water flow rates. A set of comparable building load profile were chosen. The electrical power 
consumptions were determined from the metering device and customized monthly bill from the utility 
power provider. Finally comparisons were made for the electrical power consumption, overall plant 
efficiency and chiller COP with respect to different control strategies. 
4. Discussion 
From general observation on the data, it was found that the TES system is underutilised. The charging 
capacity is usually less than the nominal storage capacity of 28,000 RT. The average storage contribution 
is 18,518 RT. In order to further increase the performance characteristic the plant operation schedule 
needs to be revised. 
 
Two almost-identical building load profiles occur on the 11th April and 23rd May 2011. The total 
cooling load demand for 11th April was 29,179 RT. The peak load was 3,398 RT which occurred at 10 
am. On the other hand, the total cooling load and peak load for 23rd May were 30,833 RT and 3,517 RT 
respectively. The electrical power consumptions measured from the metering device were 16,551 kW and 
21,533 kW respectively. The hourly data for both control modes showed that the electrical power 
consumption during the peak period was less than 1,000 kW (as shown in Figure 2). This was extremely 
important in order to avoid expansive maximum demand charge. 
 
 
 
 
Figure 2. Hourly data for building load profile and electrical energy consumption 
 
 
 
 
122   M.M. Khushairi et al. /  Procedia Engineering  20 ( 2011 )  118 – 124 
 
Table 1. Summary of plant operational data 
 
 11 April 2011 23 May 2011 
Control  Supply pressure Delta-temperature 
Daily cooling demand 29,179 RT 30,833 RT 
Peak load 3,398 RT at 1000 hour 3,517 RT at 0900 hour 
Total electricity usage 16,551 kW 21,533 kW 
Maximum demand 844 kW at 1000 hour 970 kW at 1000 hour 
Maximum demand charge RM 21,691 RM 24,929 
 
 
The overall plant efficiency and chiller COP for both control showed a similar trend. However, the 
overall plant efficiency for delta-temperature control recorded a rapid increment during plant transition 
from charging-to-discharging as well as discharging-to-charging operations. This control required a fine-
tuning period before the operation was stabilized. The average overall plant efficiencies for 11 April and 
23 May were 0.413 kW/RT and 0.551 kW/RT respectively (Refer Table 1, 2 and Figure 3,4). 
 
 
 
 
Figure 3. Hourly data for overall plant efficiency 
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Figure 4. Hourly data for chiller COP 
 
 
Table 2. Summary of plant performance characteristic 
 
 11 April 2011 23 May 2011 
Plant efficiency (charging) 0.944 kW/RT 1.568 kW/RT 
Plant efficiency (discharging) 0.279 kW/RT 0.305 kW/RT 
Average plant efficiency 0.413 kW/RT 0.551 kW/RT 
Chiller COP (charging) 3.094 2.963 
Chiller COP (discharging) 12.591 10.110 
Average chiller COP 8.513 6.379 
 
5. Conclusion 
A good control strategy is the key element to a successful TES system. Poor operation due to the 
control strategy may cause a very devastating energy saving. In some cases, the operating cost can even 
be higher than using the conventional system. A tremendous potential to enhance the control system will 
happen with the development of computer software and programming. In order to optimize the TES 
system the plant operation schedules need to be revised. 
 
The results show that the supply pressure control has an upper hand over the delta-temperature control. 
The electrical power consumption, overall plant efficiency and chiller COP for supply pressure control 
are 30.1%, 33.4% and 33.5% better than the delta-temperature control. Future works and further testing 
will be carried out to improve and fine tune the supply pressure control strategy. 
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